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The earlier literature on the pathology produced experimentally
with diets lacking vitamin B (for the most part the undifferentiated
vitamin B complex) has been reviewed by Zimmerman and Burack.'5
Their review may be summed up briefly as follows: Myelin degen-
eration in peripheral nerves, and sometimes in the spinal cord, has
been described by many workers as occurring in several species of
laboratory animals. In most cases the diets used were deficient with
respect to the entirevitamin B complex.
Stern and Findlay12 studied the nervous systems of rats main-
tained on a diet lacking vitamin B1, but containing the heat-stable
portion of the B complex. In these animals early degeneration of
the myelin was observed in peripheral nerves, but no myelin destruc-
tion was noted in the cord. Zimmerman and Burack, in the paper
mentioned above, reported extensive myelin destruction in the
peripheral nerves, but none in the spinal cords, of their dogs fed a
diet lackingvitamin B1. These animals subsisted for from 37 to 109
days onthe experimental ration.
Recently, Prickett' studied the nervous systems of rats which
were given a diet devoid of vitamin B1 and drew the rather surpris-
ingconclusion that the siteofthe lesion responsible for the symptoms
associated with a lack of vitamin B in the rat is the central rather
than the peripheral nervous system. There were cellular changes in
the brain; the spinal cords and peripheral nerves of the experimental
animals appeared to be no different from those of the controls.
More recently, Engel and Phillips8 reported the results of their
studies of the nervous systems of rats and chicks maintained on diets
believed to contain optimal amounts of all dietary essentials except
vitamin B1. No pathology was observed in these animals. From
this the authors drew the conclusion that "uncomplicated beriberi is
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not accompanied by peripheral nerve degeneration," and that the
nerve degeneration observed in human benr-beri is probably due to a
lackofdietary factors other thanvitamin B1. No doubt their failure
to observe nerve lesions in animals on diets lacking vitamin B1 for
short periods correctly describes the situation. However, the conclu-
sion that uncomplicated lack of vitamin B1 does not produce changes
appearsto be too sweeping, since considerable time is required for the
development of demonstrable nerve lesions from lack of this factor.
As will be described below, extensive peripheral nerve destruction is
found in dogs with a chronic B1-deficiency of from 200 to 393 days
achieved with small suboptimal daily doses of vitamin B1. These
findings support the view that the peripheral neuropathy of human
beri-beri is probably, at least in large part, due to B1-avitaminosis.
Experimental
Diets employed. Two basal diets have been used in this study;
the "Casein III" diet of Cowgill,8 called diet 1 in this paper and a
modification of this designated as diet 2, containing autoclaved yeast
and designed to be lacking only in vitamin B1. The composition of
these diets is given in Table 1. It has been shown by Cowgill2 that
TABLE 1
BASAL VITAMIN B1-DEFICIENT DIETS
Diet Diet
Constituent 1 2
Casein, commercial ..................... ................... 41.2 40.0
Sucrose ........................................ 29.4 21.5
Lard . 18.3 18.0
Butter ......................................... 7.2 7.0
Bone ash .......... .............................. 2.6 2.5
Salt mixture (Osborne-Mendel) .................................... 1.3 3.0
Autoclaved yeast ................ ........................ 0.0 8.0
the syndrome which develops when dogs are maintained on the
"Casein III" diet is principally the picture of vitamin B1-deficiency.
However, this diet is undoubtedly losv in some of the heat-stable
B factors, so that it is unsuitable for astudy of chronic B1-deficiency.
Thesebasal rations were fed either alone orsupplemented with vita-
min B1 asindicated inTable 3.
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Pathologic technc. The majority of the animals were autopsied
immediately after exitus. Portions of the spinal cord, the sciatic
nerve, and, usually, the vagus and brachial nerves were removed for
histologic examination. The Nissl stain (toluidin blue) and the
Marchi and Kultschitzky methods were employed for the study of
this material.
Grouping of animals. Eleven dogs were studied and are
described as members of three groups, subsisting on different dietary
regimens.
Group I. Three animals, dogs 19, 21, and 24, were given diet 1
for the first 29 to 92 days as indicated in Table 2; for the remainder
of the experiment they were fed diet 2. After a depletion period,
the diets of these animals were supplemented with small amounts of
crystallinevitamin B1 as describedbelow.
TABLE 2
BASAL DIETS RECEIVED BY EACH ANIMAL
Experimental group Control group
Dog number 19 21 24 26 28 30 68 15 25 27 67
Period given 92 57 29 92 21
Diet 1: days __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Period given 147 126 364 382 200 150 129 159 365 362 129
Diet 2: days _
Group II. Four dogs, Nos. 26, 28, 30, and 68, were main-
tained on diet 2 throughout the entire experimental period, with the
addition ofvitamin B1 in small, known amounts.
The animals of both groups 1 and 2 were given only the basal
diet until the development of symptoms of B1-avitaminosis, such as
anorexia, progressive spasticity of the hind legs, convulsive episodes,
and prostration. Four dogs developed these symptoms before they
were given one or two curative doses of vitamin B1; two received
vitamin B1 concentrate,* the other two crystalline vitamin B1.t In
* The Stuart-Block-Cowgilll3 concentrate was kindly supplied by Dr. H. Rhode-
hamel of the Lilly Research Laboratories, Indianapolis.
t Obtained as "Betaxin" from the Winthrop Chemical Company, Rensselaer,
N. Y.
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each instance theappetitewas restored and the spasticity disappeared.
The animals were then continued on the basal diet alone until the
appetite again declined and moderate spasticity of the hind legs
developed. When this occurred, each dog was given crystalline
vitamin B1 in daily doses of approximately one-half the calculated
requirement for a dog of that body weight, according to Cowgill's
formula.4 It was found necessary, after a longer or shorter period,
to increase this dose of vitamin B1 in order to keep the animal alive.
Three of the dogs were brought only to a moderate degree of
deficiency before vitamin supplementation was begun and were con-
sequently started out with subminimal maintenance doses.
Group III consisted of four inanition-control dogs. Each of
these dogs was paired with an experimental animal of approximately
the same body weight and was given daily an amount of the basal
diet equal to that voluntarily eaten by the experimental partner on
the preceding day. In addition to the basal diet the control dogs
were given crystalline vitamin B1 in amounts equal to twice the daily
maintenance dose, calculated according to the Cowgill formula.4
The actual amounts of vitamin B1 given daily were 40, 85, 85, and
48 micrograms for control dogs 15, 25, 28, and 67, respectively. At
no time did the control dogs show any symptoms of vitamin B1
deficiency, such as poor appetite or spasticity of the hind legs.
Because of the different views that have been expressed regard-
ing the proper basis of estimation of the vitamin B1 requirement
(Arnold and Elvehjem1), the reader will doubtless desire to know
the results of our calculations made with respect to each of our ani-
mals. These data are presented in Table 3. The values were made
TABLE 3
THE ESTIMATED REQUIREMENT OF DOGS OF DIFFERENT WEIGHT
FOR VITAMIN B1
Body weight Daily vitamin B1 requirement as estimated by
of dog formula (Cowgil4)
kg. y I.U.
5 14 4.7
6 19 6.4
7 24 8.1
8 31 10.3
9 38 12.5
10 44 14.8
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the basis for the vitamin B1 supplementation employed in this study
of chronic deficiency. The dogs were paired as follows: experi-
mental dog 19 with control dog 15, 24 with 25, 26 with 28, and 68
with 67, respectively.
General behavior of the animals. Some dogs lost weight when
receiving the "half-dose" of vitamin B1, then remained somewhat
stationary at a new weight level for a long period, with considerable
spasticity of the hind legs and a subnormal appetite in evidence.
Other dogs developed acute symptoms on "half-doses" ofvitamin B1
and the amount had to be increased.
Dog 19. This dog subsisted for 128 days with the supplement of 1Oy
of vitamin B1 daily, which was one-half our theoretical maintenance dose for
a dog of this size. At the beginning of this period the animal had already
been depleted of its bodily store of the vitamin, as evidenced by moderate
stiffness of the hind legs and by a subnormal appetite. Throughout the
experimental period there was stiffness of the hind legs, at first moderate,
later on, marked. There was a loss of 1 kg. in the body weight.
Dog 21. This animal, after a depletion period, subsisted for 78 days on
a vitamin B1 dosage of 12y daily, one-half the calculated maintenance dose.
During this time it lost 1 kg. in weight. There was stiffness of the hind
legs which was marked after the first few weeks. There was also great
unsteadiness, so that the dog staggered in a striking manner. Although the
animal was very lively and appeared to be strong, it would sometimes fall
over several times in one minute when attempting to run.
These two animals (19 and 21) died on the 239th and 183rd
day, respectively, despite moderate increases in the dose of vitamin
B1 in the latter part of the experiment. The symptoms observed in
these two dogs cannot with certainty be attributed solely to the lack
of vitamin B1, since the animals received basal diet 1 for 92 and 57
days, respectively, a diet admittedly low in the heat-stable factors of
the B complex. However, their behavior was identical with that of
the animals given basal diet 2, which lacks only vitamin B1, with
the exception that none of the latter animals ever showed as much
unsteadiness as did dog 21.
Dogs 24, 26, and 28 are of particular interest, as will be seen
below.
Dog 24. After the depletion period this dog was given from 12 to 20y
of vitamin B1 daily for a period of 293 days, with the exception that on the
96th day of the experiment it was given 310y because of prostration charac-
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teristic of the picture of advanced B1 deficiency (see Table 4). Calculation
revealed that during this time the dog received an average daily dose of 16.3y,
or one-half our calculated maintenance dose for a dog of its size. During
this period the dog gained 1.25 kg. in weight. The hind legs exhibited a
stiffness, which at first appeared and disappeared at intervals, but was con-
stantly present after the 147th day of the experiment. The animal stood
with a wide base, particularly with respect to its hind legs, and from the
188th to the 227th day exhibited some unsteadiness.
TABLE 4
BODY WEIGHT CHANGES, TIME REQUIRED FOR DEVELOPMENT OF ACUTE B1
DEFICJENCY, AND PERIOD OF "'MODERATE") B1 DEFICIENCY
Timereq'uired
Dog Bodyweight fordevelop- Lengthof ex- r m Ini- Final Mini- ment of acute perimental
Grout No. tial mum deficiency period
kg. kg. kg. days days
19 7.0 4.4 4.4 61 239
21 10.8 5.8 5.8 183
24 10.0 9.0 7.6 43 393
Experimental 26 9.0 8.3 5.5 42 382
28 8.3 5.2 5.2 43 200
30 10.5 10.0 7.5 150
68 8.0 7.1 6.7 129
15 7.2 5.0 5.0 251
25 9.8 9.5 7.6 386 COntrOl 27 9.2 8.4 7.9 362
67 6.4 6.2 6.0 129
Dog 26. After the depletion period this dog was given from 12 to 24y
of vitamin B1 daily for a period of 86 days, except that on the 142nd day of
the experiment the animal was given 500y because it was exhibiting advanced
B1 deficiency. The average daily intake of vitamin B1 during this period
was 14.5y, or three-fourths of our calculated maintenance dose for a dog
of this size. During these 86 days there was a loss of 0.45 kg. in body
weight. Following this period, it was necessary to administer somewhat
larger amounts of vitamin B1. From the 55th day a moderate to marked
stiffness of the hind legs was constantly present. At times some unsteadiness
was noticed.
Dog 28. After the depletion period this animal was given 12y of
vitamin B1 daily, or one-half our estimated dose for a dog of its weight, for
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a period of 76 days. Following this, somewhat larger amounts were given.
The weight was maintained during these 76 days, but it had already lost
1.65 kg. from its initial weight. Stiffness of the hind legs, present at the
beginning of the period of dosage with small amounts of vitamin B1, disap-
peared, then reappeared after 70 days of subminimal administration of vitamin
B1 (133rd day of the experiment). Moderate spasticity of the hind legs
persisted throughout the remainder of the experiment. Slight unsteadiness
was observed on the 110th day, and this increased, so that two months later
the unsteadiness was marked. This grew gradually worse until the end of
the experiment, so that finally the dog exhibited great difficulty in walking
without falling. Exitus occurred on the 200th day, despite a doubling of the
dose of BJ during the last two months.
Since maintaining dogs on one-half the calculated maintenance
dose of vitamin B1 required very close supervision because of the
tendency to develop acute "polyneuritic" symptoms, eventually
ending fatally in spite of moderate increases in vitamin B1 dosage,
it was decided to administer to two dogs, after a depletion period,
0.7 of the estimated maintenance dose of vitamin B1.
Dog 30. This animal, after a depletion period of 34 days, was given
daily 32y of vitamin B1, 0.7 of the theoretical maintenance dose, for a period
of 45 days. There was a loss of 1.15 kg. in weight during this time, and
the dog finally developed acute "polyneuritic" symptoms; the dosage was
then increased to 60y. This permitted the animal to gain considerable weight,
but did not result in a disappearance of the spasticity of the hind legs, which
persisted in moderate degree until the end of the experiment. This level of
vitamin administration was, however, sufficient to maintain an excellent
appetite. After a time the daily vitamin dosage was reduced to 32y, following
which the appetite became erratic, although the animal ate just enough to
maintain weight. After a few weeks the animal died rather suddenly with
symptoms of acute insufficiency of vitamin B1.
Dog 68. After 44 days on the basal diet alone this animal was given
16y of vitamin B1 daily, 0.7 of our calculated maintenance dose. This level
of administration was continued without change until the end of the experi-
ment, with the exception that from the 51st to the 53rd day a total of 1400y
was given because of the development of acute "polyneuritic" symptoms.
There was stiffness of the hind legs during the first part of the period of
subminimal vitamin dosage, but not during the latter part. The experiment
was discontinued on the 129th day.
Further observations. Vomiting usually accompanied the syn-
drome of acute "polyneuritis," then disappeared after the adminis-
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tration of curative doses of the missing vitamin. In most of the
animals vomiting reappeared during the chronic stage of the experi-
ment. Pertinent details are as follows: In dog 19 vomiting was
seen very infrequently. Dog 21 vomited very frequently, usually
daily, during the last month of the experiment. Dog 24 vomited
very rarely. Dog 26 vomited only a few times until the 346th day,
after which frequent vomiting was observed in spite of the adminis-
tration of massive subcutaneous doses of vitamin B1, which were
without the slightest effect on this condition. In the case of dog 28
occasional vomiting occurred after the 93rd day. This became more
frequent until it was practically of daily occurrence during the last
month. Dog 30 exhibited only occasional vomiting. In dog 68
vomiting was observed only twice throughout the entire experiment.
This animal also suffered less severely from the other symptoms of
insufficient B1 dosage than did any of the other dogs. During the
chronic stage of the experiment the vomitus was usually not undi-
gested food, but clear fluid.
With the exception that dog 67 vomited once and dog 25 three
times, vomiting was not observed in the four control dogs.
Diarrhea was almost never observed in either the control or
experimental dogs. Thus, in the dog, at any rate, lack-of vitamin B1,
in contrast to lack of certain of the heat-stable B vitamins, nicotinic
acid, for example, does not appear to be associated with diarrhea.
Treatment it1h massive doses of vitamin B1. After dogs 24 and
26 had been on the experimental diet for 354 and 345 days, respec-
tively, it was decided to administer to them large amounts of vita-
min B1 to see whether the stiff gait, which had been present for
months, would disappear. Accordingly, each animal was given 20
maintenance-doses of vitamin B1 daily for one week, 10 during the
following week, and 5 for each of the next three weeks.
These large amounts of vitamin B1 caused no change whatever
in the behavior of dog 24. Dog 26 gained in weight and became
more active. The unsteadiness of gait present at the beginning of
treatment diminished somewhat. However, the stiffness and "broad
base" position of the hind legs were quite unchanged and the per-
sistent vomiting continued without change.
Neurological examn4ations. The neurological conditions charac-
terizing dogs 24 and 26 just before and after treatment with large
doses of vitamin B1 are best described by citation of the examinations
made by several observers.
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Dog 24.
4/25/38: 355th day of experiment (observations of H. R. S.): The dog
walks with hind legs wide apart and with moderate but very definite spasticity.
The animal is only moderately active, being much more quiet than control
dogs 25 and 27.
5/24/38: 384th day of experiment (J. C. F.): The animal has now been
treated for one month with large doses of crystalline vitamin B1. The
pupils are widely dilated. There are definite signs of weakness, with broad
base, slight overstepping, and stiffness. The dog also tends to sink onto the
hind legs when supported by the fore legs. This is not so marked as in
dog 26, but the left leg also gives way the most. She is also weak in the
fore paws, being unable to support herself properly when held by the hind
legs. Reflexes: biceps absent; ankle-jerks not obtained; knee-jerks on the
right absent and on the left side feeble; proximal reflexes satisfactory; sensory
reflexes uncertain; less response in the fore legs than in the hind legs; pain
sense appears diminished everywhere. The impression is that of weakness,
more prominent in the lower than in the upper limbs, and peripheral nerve
involvement.
5/26/38: (H. E. H.): The animal shows a marked circling toward the
left, and a tendency to crouch. There is a marked flexor response, but no
tendon-jerks in hind and fore limbs. The pupils are dilated and seem to
respond poorly to light. The dog does not present great stiffness when on
its back, but exhibits slight ataxia when walking. The visual and tactile
placing reactions are present in all limbs.
Dog 26.
4/25138: 346th day of experiment (H. R. S.): This animal is quieter
than the controls. It walks with high-stepping of the hind legs. There is
considerable spasticity of the hind legs and they are kept wide apart. The dog
is very unsteady in its walk.
5/5/38 (H. R. S.): The gait is slightly better than before treatment in
that the dog now seldom slips and does not appear to fall over so readily.
Otherwise there seems to have been little change. The dog is more active
than it was just before treatment with vitamin B1.
5/9/38 (H. R. S.): The dog is now about as active as the control
animals. No further change in gait is noted.
5/24/38: 375th day of experimwnt (J. C. F.): The dog has now been
treated with large amounts of vitamin B1 for one month. It walks with
broad base, and the hind legs are widely separated. This is increased when
she is supported by the front paws, standing on the hind legs. There is
marked weakness in this posture, especially of the left leg, and she collapses
to her knees after being so supported for a time. The legs are carried rather
stiffly in extension and also, when she is on her back, they tend to go into full
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extension. There is no muscular atrophy palpable, and also no resistance to
passive motion. It cannot be definitely stated that she is either spastic or flac-
cid. There is some overstepping and ataxia on shaking. Reflexes: knee-jerks
and ankle-jerks absent; biceps, triceps, and proximal reflexes of all limbs, upper
and lower, are present; less sensory response to pulling hair and squeezing
footpads in the hind limbs than in fore limbs. Impression: residual motor
weakness in hind legs, probably due to lower motor-neurone injury, i.e.,
peripheral neuropathy, although cord damage can not be excluded.
5/26/38: 377th day of experiment (H. E. H.): In addition to the previ-
ous findings there is high-stepping in both fore and hind limbs and considerable
"ataxia," which is more pronounced in the hind limbs. Stiffness of the hind
legs is especially marked when the animal is on its back.
Observed by J. F. F.: The tactile placing reaction in the hind limbs is
noticeably absent, although present in the fore limbs. The visual reactions
are satisfactory.
The four control dogs in this study were under daily observation
throughout the experiment. Their behavior remained perfectly
normal; in particular, their appetites were excellent and they had no
symptoms whatever of a neurological disorder, such as stiffness of
gait or unsteadiness. The neurological examinations (H. E. H.) of
control dogs 25 and 27 made on the 377th and 356th day of the
experiment, respectively, disdosed no abnormalities.
Histologic studies of ewrvous systems. The central and periph-
eral nervous systems of experimental dogs 24, 26, and 28 and of
control dogs 25 and 27 were examined.
Dog 24. Marchi and Spielmeyer preparations reveal moderate demyeli-
nation of the peripheral nerves and of the anterior nerve roots of the cord.
The posterior columns of the spinal cord have lost their medullary sheaths
to a slight degree. Nissl preparations of the cord disclose a wedge-shaped
zone of gliosis in the posterior columns involving almost exclusively the
columns of Goll. In addition, there are bilaterally symmetrical glial scars in
the dorsal spino-thalamic tracts. The ganglion cells of the horns are normal.
The remains of a superior hemorrhagic pseudoencephalitis (Fig. 1) are found
in the form of small glial scars in the regions of the superior olives of the
medulla and the floor of the 4th ventricle. The myocardium, kidneys,
adrenals, and pituitary present a normal appearance.
Dog 26. Marchi and Kultschitzky sections disclose far advanced myelin
degeneration in the peripheral nerves, while the columns of Goll in the spinal
cord are degenerated. In preparations stained with thionin, extensive gliosis
of the posterior columns is revealed; the cerebellum is essentially intact. The
myocardium, adrenals, thyroid, and pituitary appear normal.
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Dog 28. In Marchi preparations the posterior columns of the spinal
cord and the posterior nerve roots show an extreme degree of demyelination
(Fig. 2). In the thoracic and cervical portions of the cord the demyelination
is limited to the columns of Goll. The sciatic nerves show far advanced
demyelination.
In Spielmeyer preparations rather extensive degeneration is seen in the
peripheral nerves, but only moderate change in the posterior columns of the
cord. Sudan III preparations of the spinal cord appear normal, while the
peripheral nerves show fatty change in the medullary sheaths.
Control animals. Histologic preparations from the nervous systems of the
control dogs reveal slight demyelination of the peripheral nerves in dog 25,
with normal spinal cord, while in the case of dog 27 the peripheral nerves and
the spinal cord were essentially normal.
dnatomic findings in other organs. Dog 19. The chest cavity con-
tained several hundred cubic centimeters of thin serosanguineous fluid with a
specific gravity of 1.012. The great veins leading to the heart were dis-
tended. There was marked dilatation of the right ventricle of the heart,
while the left appeared normal. Histologically, the auricular and ventricular
myocardium appeared to be normal. The liver showed the typical picture of
chronic passive congestion. A section of the lung revealed no inflammatory
process.
Dogs 24 and 26. These animals presented no abnormalities at autopsy.
The hearts, in particular, were entirely normal.
Dog 28. The only abnormality noticed at autopsy was marked dilatation
and hypertrophy of the right ventricle of the heart. The left ventricle
appeared normal.
Control dogs. The autopsies of control dogs 15, 25, and 27 revealed
viscera entirely normal in appearance.
Discussion
It may be noted that the symptoms of chronic insufficiency of
vitamin B1, stiffness of the hind legs and unsteadiness, are identical
with those of acute deficiency, except that they are somewhat milder
in degree. The ineffectiveness of intensive vitamin B1 therapy in
the chronic disease, considered along with the extensive myelin
destruction noted at necropsy, indicate that a continued lack of vita-
min B1 causes permanent nerve damage. The abnormal behavior of
animals suffering from the acute disease is certainly not due to a per-
manent lesion of the nervous system, because such animals may be
restored to a nearly normal condition within a few hours by the
administration of the vitamin. We believe that the similarity of the
clinical pictures of acute and chronic deficiency indicates that the
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damage to the nervous system, which at first is only functional, pro-
gresses to nerve degeneration of a permanent type in the presence of
a continued shortage of the vitamin.
Engel and Phillips' reported that mild degeneration of myelin,
which appeared in experiments of short duration with rats and chicks
on rations lacking vitamin B1, could be prevented by fortifying the
diet with carotene and riboflavin. It is extremely difficult to believe
that shortage of these food factors is responsible for the nerve
changes we have observed. Our control dogs receiving the same
amounts of the basal diet as the experimental animals, and therefore
the same amounts of vitamin A and riboflavin, remained healthy.
Moreover, the clinical picture that developed was quite different
from that produced byvitamin A deficiency in rats or riboflavin defi-
ciency in dogs. Rats on diets lacking vitamin A suffer from flaccid
paralysis of the hind limbs which may be so severe as to make the
hind legs nearly useless. In dogs maintained on diets extremely low
in riboflavin we have observed evidence of a neurological disorder
(unpublished data), but the clinical picture is quite different from
that observed in this study and occurs only after an extended time,
much longer than that required for the development of the picture
of the chronic disease described here. Also, had there been a short-
age of vitamin A sufficient to cause nerve damage, one would have
expected to see eye symptoms, since Steenbock and his co-workers11
have shown that xerophthalmia develops in dogs on rations lacking
vitamin A.
Although basal diet 1 used in the first part of the experiment is
low in the heat-stable factors of the B complex, this does not offer a
complication in the interpretation of the data, since of the experi-
mental animals whose tissues were saved for histological study (dogs
24, 26, and 28) only dog 24 received diet 1, and this for only the
first 29 days of the experiment.
As Vedder14 pointed out, degenerative changes of the nervous
system are a constant finding in human beri-beri. This is most
extensive in the peripheral nerves, especially the sciatics, where the
myelin degeneration may be severe. In addition, many workers
have observed myelin degeneration in scattered fibers in all tracts of
the spinal cord, but more particularly in the posterior columns.
These changes in the nervous system have usually been considered
as due to lack of vitamin B1. It has been questioned whether the
neuropathy of animals with experimental beri-beri is to be attributed
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to lack of vitamin B1 or to the accompanying inanition. Thus,
Davisonand Stone5 found that the nerve degeneration in starved rats
was essentially the same as in those deprived of vitamin B1, and
Vedder"4 noted that these changes are not prevented by giving the
starving animals adequate amounts of vitamin B1. However, Ved-
deir pointed out that the degenerative changes in starved animals are,
as a rule, rather slight, and, in his opinion, not so extensive as the
changes seen in "polyneuritic" animals fed diets deficient in vitamin
B1. He believes, furthermore, that simple inanition cannot explain
the neuropathy of human beri-benr, since frequently these patients
are well nourished. In our experiments the effects of inanition seem
to have been excluded satisfactorily, since control dogs limited to the
food intakes of the experimental animals showed no evidence of
neuropathy during life, while histological sections of the nervous
system disclosed no abnormalities except moderate myelin degenera-
tion of the sciatic nerves in one animal. This would indicate that
the inanition accompanying chronic vitamin B1 deficiency can, at the
most, account for only a small share of the myelin degeneration
observed.
One may ask why the results of this study differ from those of
Engel and Phillips,6 Prickett,9 Grinker and Kandel,7 and of others
who have failed to observe nervous system degeneration in experi-
mental B1 deficiency. In our opinion, the most probable reason for
this variance is that in our studies, in contrast to the others, the
deficiency of vitamin B1 was not complete, so that the experimental
periods were of much longer duration. It is a fact perhaps not suf-
ficiently appreciated that a moderate shortage of an essential vitamin
continuing over an extended period may produce pathology quite
different from that seen in the acute disease. Certain tissues, per-
haps those having a higher requirement for the missing food factor,
gradually develop degenerative changes, which may not be seen at
all in animals which succumb quickly on diets completely lacking in
theessential factor. In this regard, one should consider that dietary
deficiencies in man, especially in this country, are much more likely
to be partial than complete, so that an experimental study of partial
deficiency would be expected to resemble more closely the condition
found in man.
AsdiscussedbyVedder,14 dilatation and hypertrophy of the right
side of the heart, frequently accompanied by pulmonary or general-
ized edema, areprominent features of human beri-beri. Such effects
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appear to be uncommon in experimental beri-beri, although McCar-
rison8 has observed enlarged hearts and edema in polyneuritic
pigeons. In our series, two animals, dogs 19 and 28, succumbing
from chronic insufficiency of vitamin B1, showed marked dilatation
of the right ventridle, while two animals, dogs 24 and 26, treated
with massive doses ofvitamin B1 atthe condusion of the experiment,
had normal hearts. It is to be noted that in the case of dog 19 acute
heart failure was the apparent cause of death, as observed at autopsy.
In this respect then, canine beri-beri appears to be similar to that of
man. However, except forthe pulmonaryedemaseen in oneanimal,
edema was not observed in these dogs.
The results of this study give some information as to the main-
tenance vitamin B1 requirement of the dog. The four control dogs
were maintained in apparently good health for from 129 to 386 days
with amounts ofvitamin B1 ranging from 6.7 to 9.4y per kg. of body
weight. Thus it would appear that on the relatively high fat diet
used, an allowance of approximately 8y of vitamin B1 per kg. of
body weight is adequate for dogs of from 6 to 10 kg. as used here.
However, as Arnold and Elvehjem1 point out, the B1 requirement
of the dog is not a constant, but increases as the percentage of fat in
the diet is decreased. A considerably smaller amount of B1 will
suffice to maintain dogs in a state of chronic deficiency. Thus, the
first five experimental dogs, afterbeing depleted of vitamin B1, were
maintained in a state of subnutrition for 76, 78, 86, 128, and 293
days, respectively, with amounts of vitamin B1 ranging from 1.8 to
2.3y per kg. of body weight (average vitamin intake divided by
average body weight during this period). We do not believe that
these calculations are complicated by the presence of vitamin B1 in
the basal diet; although commercial casein was used as the source of
protein in ourdiets, longexperience inthis laboratory has shown that
theB1 content ofthis product must bevery small. Likewise, Schultz
and Mattill10 have found that commercial casein does not contain
significant amounts of vitamin B1.
The belief that vitamin B1 is intimately concerned in the func-
tioning of the gastro-intestinal tract was borne out by the observation
that vomiting was a common feature both of acute and of chronic
vitamin B1 deficiency.
Summary
Dogs whose stores of vitamin B1 had been depleted were main-
tainedin astateofsubnutrition for from 76 to 293 dayswith amounts
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of vitamin B1 averaging about 2y per kg. of body weight daily.
There developed progressively acondition characterized by moderate
spasticity of the hind legs, unsteadiness, staggering, and vomit-
ing. In two animals, after 345 and 354 days, respectively, of insuf-
ficient B1 intake, the administration of large doses of vitamin B1 for
one month failed to have an appreciable effect on this syndrome. In
the latter animals the presence of peripheral neuropathy was indi-
cated by the absence of the deep reflexes of the hind legs. Inanition
control dogs restricted to the food intakes of the experimental ani-
mals, but receiving approximately 8y of crystalline vitamin B1 per
kg. of body weight daily, remained in apparently good health
throughout the experimental period. Histological studies of the
nervous system of representative animals revealed extensive myelin
degeneration of both peripheral nerves and the posterior columns of
the spinal cord in two of the animals with chronic vitamin B1 defi-
ciency, and lessextensive degeneration in another. Sections from the
control animals disdosed, at the most, only moderate degeneration
of peripheral nerves. It is conduded that a prolonged subminimal
intake ofvitamin B1, with an otherwise adequate diet, leads todegen-
erative changes both of the peripheral nerves and of the posterior
columns of the spinal cord. This would appear to be chiefly due to
the lack of vitamin B1 in the tissues, rather than to the inanition
accompanying the deficiency state.
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